Rationale: In patients with bilateral ureteral obstruction, the serum creatinine levels are often elevated, sometimes causing postrenal acute kidney injury (AKI). In contrast, those with unilateral ureteral obstruction present normal serum creatinine levels, as long as their contralateral kidneys are preserved intact. However, the unilateral obstruction of the ureter could affect the renal function, as it humorally influences the renal hemodynamics.
Introduction
Urinary tract obstruction is commonly caused by urolithiasis, transitional cell carcinoma and external compression by tumors, enlarged lymph nodes, and retroperitoneal fibrosis. [1] Such patients are often asymptomatic, but abdominal dullness or the flank pain is one of the typical clinical manifestations directly caused by the obstruction. [1] Occasionally, such patients present additional symptoms or signs as a result of hydronephrosis, such as urinary tract infection, urine output changes, and hypertension. [2] [3] [4] In patients with bilateral ureteral obstruction or bladder neck occlusion, the serum creatinine levels are often elevated, sometimes causing postrenal acute kidney injury (AKI). [5] However, in patients with unilateral ureteral obstruction, the serum creatinine levels are usually normal, as long as their contralateral kidneys are preserved intact and have sufficient clearance capacity to excrete the nitrogenous wastes generated daily. [6] In addition to postrenal causes, there are "prerenal" and "renal" causes of serum creatinine elevation, which account for the majority of causes leading to AKI. [7] These include hypoperfusion in the renal vasculature and direct damage to the renal tubules or parenchyma, which are commonly triggered by dehydration, sepsis, or drugs. In previous studies, unilateral ureteral obstruction stimulated the renin secretion from the obstructed kidneys, and thus activated the renin-angiotensin system. [4] This finding strongly suggested that mechanical obstruction of the ureter, which humorally influences the renal hemodynamics, could affect the renal function possibly by prerenal causes. Here, we report a case of unilateral urolithiasis complicated by a postrenal increase in the serum creatinine level. Unilateral ureteral obstruction by calculus, which caused reflex vascular constriction and ureteral spasm in the contralateral kidney, was likely responsible for the deteriorating renal function.
Case presentation
A 66-year-old man came to our outpatient clinic because of abdominal dullness in the right flank region, which had persisted for a few days. He had a medical history of hypertension and diabetes mellitus, for which oral medications such as nifedipine, valsartan, sitagliptin, and voglibose had been prescribed for several years. Since several months before, microscopic hematuria on routine urinalysis had occasionally been pointed out. However, before his first visit to our clinic, the laboratory data kept showing the normal serum creatinine levels ( Fig. 1) , indicating the absence of chronic kidney disease caused by hypertension or diabetes mellitus. On physical examination, the patient was bending rightward because of the right abdominal dullness. His body temperature was 36.0°C, blood pressure was 146/90 mm Hg, and pulse rate was 72 beats/min. He weighed 72 kg and was 165 cm tall. He had right costovertebral angle tenderness without rebound pain or guarding, but there was no tenderness in the abdominal region. His bowel sounds were normal, and the liver and spleen were not palpable. Urinalysis showed gross hematuria with isomorphic red blood cells and pyuria. The dipstick test showed slight proteinuria and aciduria (urine pH 5.5), but there were no abnormal cast formations. Laboratory data showed an increase in the serum creatinine level (1.21 mg/dL) from his baseline level around 0.96 to 0.98 mg/dL ( Fig. 1) , indicating deteriorating renal function with the significant fall of the estimated glomerular filtration rate (eGFR) from 61.2 to 47.3 mL/min/1.73 m 2 . However, other routine laboratory investigations, such as blood glucose level, electrolytes, and liver function tests, were normal. Ultrasound investigation of the kidneys showed unilateral hydronephrosis in the right kidney and dilatation of the ipsilateral urinary tract. The left kidney was intact without showing any sings of atrophy or swelling, indicating the absence of chronic renal insufficiency was absent. As the abdominal radiograph revealed the presence of a radio-opaque calculus in the upper portion of the right ureter ( Fig. 2 , arrow head), a diagnosis of urolithiasis caused by a right ureteral stone was made. From the physical findings, signs suggestive of dehydration were absent and there had been no recent use of additional drugs that could have caused renal tubular or parenchymal damage. Therefore, urolithiasis was most likely to be responsible for the increased serum creatinine level. Immediately after the diagnosis, the patient was referred to a urologist at a nearby clinic. Despite oral hydration and the use of calcium antagonists, the stone did not pass spontaneously. As the longitudinal diameter of the calculus was larger than 10 mm (Fig. 2) , extracorporeal shock wave lithotripsy (ESWL) was performed (Fig. 1) . After the procedure, the patient recognized the passage of the stone fragments into the urine for the next few days, during which the symptoms such as right abdominal dullness and gross hematuria completely disappeared. The fragments were later proven to be derived from a calcium oxalate calculus. In this case, we did not examine the urinary calcium or oxalate excretion. However, as he has a custom to eat much of foods that are rich in oxalate, such as spinach, nuts, chocolate, and tea, his urinary oxalate excretion was thought to be increased. Immediately after the passage of the stone, the number of red blood cells in the urine was dramatically decreased and the serum creatinine level almost returned to the normal range (Fig. 1) , with the significant increase in eGFR (55.5 mL/ min/1.73 m 2 ). There was no recurrence of the symptoms or signs thereafter, indicating successful removal of the calculus and complete recovery from the deteriorating renal function.
This study was carried out in accordance with the principles of the Declaration of Helsinki and approved by the Ethics Committee of Iwakiri Hospital. Informed consent was obtained.
Discussion
Bilateral ureteral obstruction is a major cause of increased serum creatinine levels, sometimes leading to postrenal AKI. However, Figure 1 . Changes in urinary red blood cell (RBC) counts and serum creatinine (Cr) level. After the passage of the stone by ESWL, the number of red blood cells in the urine was dramatically decreased and the serum creatinine level quickly returned to normal. There was no recurrence of the symptoms or signs thereafter indicating complete recovery from the deteriorating renal fucntion. Cr = creatinine; ESWL = extracorporeal shock wave lithotripsy; RBC = red blood cell. 
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Medicine in patients with unilateral ureteral obstruction, the serum creatinine levels usually remained normal, as long as their contralateral kidneys are preserved intact. [6] In the present case, although the obstruction of the ureter was unilateral, the patient showed a significant increase in the serum creatinine level (Fig. 1) . However, there were no signs suggestive of dehydration and there were no recent uses of additional drugs that might have caused renal tubular parenchyma damage. As the patient's serum creatinine level returned to normal quickly after the removal of the calculus (Fig. 1) , the unilateral ureteral obstruction was thought to be the primary cause of the deteriorating renal function. Previously, Maletz et al [8] reported a rare case of reflex anuria and a decrease in renal function, which was caused by unilateral ureteral obstruction. According to a basic study using canine kidneys, the increased activities of the autonomic nervous system and the renin-angiotensin system were both responsible for the vascular and ureteral spasm in the contralateral kidneys. [9] Later studies further revealed that nitric oxide contributed to the pre-glomerular or postglomerular vasoconstriction in reducing renal blood flow and ureteral pressure in the canine model of unilateral ureteral obstruction. [10] In the present case, due to the long-term complication of diabetes mellitus, the patient's renal autonomic nervous system was thought to be overactivated. [11] In addition, similar to the findings observed in unilateral renal artery stenosis, [12] unilateral ureteral obstruction stimulates renin secretion from obstructed kidneys and thus activates the reninangiotensin system. [4] Consequently, in the present case, such neural and humoral abnormalities may have caused reflex vascular constriction and ureteral spasm in the contralateral kidneys. Such vasospastic phenomena could functionally lead to renal hypoperfusion and bilateral ureteral obstruction. This would deteriorate the renal function both "prerenally" and "postrenally," resulting in the elevation of the serum creatinine level in our patient.
Patients with urolithiasis are initially managed with pain medication and supportive hydration until the stone passes. [13] In cases with large stones, drugs, such as calcium antagonists or a1-adrenoreceptor blockers, are additionally required to facilitate spontaneous passage, or to reinforce the efficacy of lithotripsy. [14] Using isolated ureteral tissues from humans or intact ureters from pigs, the previous studies have demonstrated that hyperpolarization in the smooth muscle cells inhibited the depolarizationinduced Ca 2+ entry, leading to relaxation of the ureters. [15] In this regard, the use of the K + -channel openers, such as nicorandil and cromakalim, which hyperpolarize the cellular membrane, [14, 16] would ameliorate the ureteral spasm caused by the contralateral ureteral obstruction. On the contrary, vascular smooth muscle cells were shown to express voltage-dependent K + -channels, including Kv1.3 and Kv1.5, which play roles in the vasospastic constriction of the arteries. [17, 18] Using lymphocytes, our recent patch-clamp studies have demonstrated that drugs such as nonsteroidal anti-inflammatory drugs (NSAIDs), macrolide antibiotics, and statins effectively inhibit the Kv1.3-channels. [19] [20] [21] Concerning such pharmacological properties, these commonly used drugs may be beneficial in ameliorating the renal vascular constriction caused by contralateral ureteral obstruction.
In basic studies, unilateral ureteral obstruction in neonatal or adult rat kidneys eventually lead to renal insufficiency later in life. [22] [23] [24] In these studies, the relief of obstruction after 3 to 5 days temporarily attenuated the renal function, but progressively deteriorated renal vascular, glomerular, tubular, and interstitial injuries. It is well known that the recovery of renal function after relief of ureteral obstruction depends on several factors including the location and duration of the obstruction, whether it is complete or partial, and the presence of infection. In particular, time before relief seems to be the most critical issue. [25] Recently, Lucarelli et al [26, 27] demonstrated that the patients who were subjected to delayed relief of a ureteral obstruction had a longterm decrease in renal function and an increased risk of systemic hypertension. Regarding the pathophysiology of obstructive nephropathy, many studies have determined the molecular association in the development of tubulointerstitial injury. [27] Among the molecules that are involved, the expression of monocyte chemotactic protein-1 (MCP-1) was increased in unilateral ureteral obstruction, but that of epidermal growth factor (EGF) was decreased. [27] Therefore, reduced ratio of urinary EGF/MCP-1 has been considered to be a useful marker for obstructed nephropathy in humans. In the study of Lucarelli et al, [26, 27] the median ratio of urinary EGF/MCP1 was lower in patients who underwent delayed relief of the ureteral obstruction than those with more immediate relief. In addition, mercaptoacetyltriglycine clearance of the obstructed kidney and the EGF/ MCP-1 ratio were directly correlated, while the urinary cytokine ratio and the time before relief were inversely correlated. [26, 27] In our patient, the ureteral obstruction was resolved immediately after the diagnosis was made. However, a careful observation will be necessary for the long-term development of renal damage and arterial hypertension.
Conclusion
We report a case of unilateral urolithiasis complicated by a postrenal increase in the serum creatinine level. Unilateral ureteral obstruction by the calculus, which caused the reflex vascular constriction and ureteral spasm in the contralateral kidney, was likely responsible for the deteriorating renal function.
